(1?) 



J 



Eurepiisehes Patentamt 
European Patent Office 
Office europeen des brevets 




(11) 



EP1 213 812 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 
1Z06^002 Bulletin 2002/24 


(51) IntCl J: H02H 3/38 


(21) 


Application number 01129088.9 




(22) 


Date of filing: 07.12.2001 




(84) 


Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


(72) Inventor: Fava, Natale 

10093 Collegno (Torino) (IT) 




MCNLPTSETR 
Designated Extension States: 
AL LT LV MK RO SI 


(74) Representative: Quinterno» Giuseppe et al 
Jacobacci & Partners S.p.A., 
Corso Regto Parco, 27 


(30) 


Priority: 07.12.2000 IT TO001142 


10152 Torino (IT) 


(71) 


Applicant: Fava, Natale 
10093 Collegno (Torino) (IT) 





(54) An electro*opto-electronic system for the directional detection of earth faults and of 
short-circuit faults In medium-voltage electrical networks 



(57) An electro-opto-electronic systenn for the direc- 
tional detection of earth faults In phase conductors 
(CFR, CFS. CRT) and of short-circuit faults between the 
conductors (CFR, CFS, CFT) in medium-voltage elec- 
trical network lines, comprises: 

capacltive shunts (DCR, DCS, DCT) connected to 
the conductors (CFR, CFS, CFT) and respective 
first electro-optical converters (EOVR, EOVS, EO- 
VT) for generating first light signals representative 
of the presence of voltage (Er, Es, Et) between each 
conductor and earth and second light signals rep- 
resentative of the phase angle of the voltages (Er, 
Es. Et). 

amperometric current transfonmers (TAIO, TAIR, 
TAIT) connected to the conductors (CFR, CFS, 
CFT) and respective second electro-optical con- 
verters (EOlO, EOIR, EOIT, EOlTd) for generating 



third light signals representative of the phase angle 
of the homopolar current (Iq) of the line. 

optical conductors (FO) for the remote transmission 
of the light signals, and 

an electronic control unit (UE) arranged to deter- 
mine the occurrence of a fault and/or the presence 
of voltage on the line, in dependence on the phase 
relationships between the signals received, which 
are representative of the voltages (Er, Es, Et) be- 
tween each conductor and earthy on the homopolar 
voltage (Eq), and on the homopolar current (y. 

The system detemnines the phase angle of the 
homopolar voltage (Eq) of the line by analog or digital 
means, in dependence on the phase relationships be- 
tween the signals representative of the voltages (Er, Es, 
Et) present between each conductor and earth. 
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Descriistion 



[0001] The present invention relates to an electro-opto-etectronic system for the directional detection of earth faults 
in phase conductors and of short-circuit faults between the phase conductors of medium-voltage electrical networks 
5 operated with Insulated neutral or with neutral earthed by means of compensation impedance. 

[0002] The system is intended for use in the electrical distribution boards of medium-voltage electrical transfonmer 
houses or in any case in a!) electrical installations in general, at the points or at the nodes of the electrical network 
where it is necessary to identify a line or section affected by a fault. 

[0003] One of the requirements inherent in satisfying the present demand for improved quality of the electrical-energy 
10 distribution service is that of providing automatic apparatus and personnel employed in the running of medium-voltage 
networks with the information necessary to identify correctly the medium-voltage lines or sections which are affected 
by faults. 

[0004] In fact, in a hypothetical medium-voltage network (see Figure 2) constituted by several medium-voltage lines 
which branch out from two or more primary high tension/medium tension transformer houses (CP) and extend to supply, 
IS with successive sections of medium-voltage line, several secondary medium voltage/low voltage or sectioning trans- 
former houses (CS), if an earth or short-circuit fault occurs in a line or section, there is a risk that the entire network 
will be put out of sen/ice, with consequent problems for continuity of operation. 

[0005] To prevent this situation, It is therefore necessary to have available means which can identify the single faulty 
medium-voltage line or section in order then to put it out of service quickly, ensuring continuity of service on the re- 
^ maining lines and sections which are not affected by the fault. 

[0006] With reference to fault situations which may arise in a medium-voltage network owing to earth faults of the 
phase conductors, Figure 3 shows schematically a system operated with neutral earthed by means of compensation 
impedance, and indicates the electrical quantities relating to: 

25 . the three phase voltages ER, ES, ET, which depend on the generators and may therefore be considered constant, 

the three voltages Er, Es, Et of the conductors relative to earth, which coincide with ER, ES, ET in normal conditions, 

the homopoiar voltage Eq and the homopolar current Iq which are produced when there is a fault. 

30 

[0007] It is assumed that, at a certain moment, an earth fault appears in the p-th line, that is, that a situation of 
localized continuity of the insulation arises, as a result of which the conductor is earthed by means of a fault conductance 
(g) whilst the remaining n-1 undamaged lines give solely their capacitlve contribution to the homopolar current, which 
Is proportional to their own capacitances Cj and is equal to: 



35 



where Eq is the homopolar voltage. 
40 [0008] If the first Kirchhoff s law is applied to the homopolar current, the following equation is obtained: 



45 




in which is the compensation impedance and can be represented by a reactance in parallel with a resistance (1/Gn) : 



so 




[0009] Processing of the equations given above gives, for the homopolar current in the faulty line: 



55 
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in which 

10 



IS 

[0010] The polar diagram can be seen In Figure 4. 

[0011] In conclusion, if there is a faulty line, if the phase displacement between the homopolar voltage and the 
homopolar cuaent falls within the hatched portion of the polar diagram, the line under test can be considered to be faulty. 
[0012] For operation with insulated neutral, the equations given above can be simplified by setting Z^oo^ that is G„ 
20 =0, and L„=«», which thus gives: 

homopolar currents in the undamaged lines 



homopolar current in the faulty line 



30 



[0013] The polar diagram which can be seen in Figure 5 Identifies the faulty line by means of the vector of the 
homopolar current Iq which is delayed by n/2 relative to the homopolar voltage Eq. 

[0014] With reference to the foregoing, the solution of the problem is that of providing, on each medium-voltage line 
or section of line which branches off, a device which can recognize, as a consequence of the factor described in the 
40 previous point, whether the line is faulty or not, and can therefore section the medium-voltage line or section affected 
by the fault by means of controls operated by personnel running the network, or automatically, leaving the whole of 
the rest of the network in operation. 

[001 5] Nowadays, the device in question is used widely and is known as a "directional earth relay" since it identifies 
the undamaged lines and the faulty medium-voltage line or section, as specified above, and can discriminate the 
45 direction of the earth fault with reference to the point of supply of the medium -voltage network. 

[001 6J A conventional "directional earth relay" is of electromechanical construction and is formed by two coils of 
which one is movable; the magnetic fields of the coils, which are generated by a signal proportional to the homopolar 
current loand by a signal proportional to the homopolar voltage Eq. respectively, interact in appropriate manner creating, 
in the movable coil, a moment of value: 



so 



55 



C^= fC.£;j./o.cos(e - t) 



in which e is the phase-displacement angle between the voltage and the cun-ent and x is the phase displacement at 
which the moment is at a maximum. If the homopolar voltage vector Is taken as a reference and the direction of the 
cun-ent for which the moment is at a maximum is fixed (phase displacement of an angle a relative to the voltage), if the 
homopolar current 1© Is within an angle of ± n/2 relative to this direction, the moment on the movable device is positive 
and can therefore trigger the relay contact, othenwise it is negative. The directionality of the relay is calibrated by 
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modifying the value of the angle x. which is achieved . for example , by inserting an impedance in series with the voltmeter 
coil. 

[0017] Figure 6 shows the polar diagram in which the intervention zone of the relay is indicated by hatching; during 

calibration It is necessary to arrange for the angle a to be such as to contain the entire Intervention zone in which the 
5 homopolar current \q of a medium-voltage network subject to an earth fault and operated with neutral earthed by means 

of compensation impedance may be disposed (see Figure 4), and the zone in which the homopolar current Iq of a 

medium-voltage network subject to an earth fault and operated with Insulated neutral Is disposed (see Figure 5). 

[0018] The correct operation condition is such that the angle a of Figure 6 should be less than angle p of Figure 4. 

[0019] Nowadays, electromechanical relays have been replaced by electronic relays, but the operating principle has 
10 remained almost unchanged since the relay implements the product described in the formula indicated above by analog 

or digital means, discriminating the positive sign by an intervention signal and the negative sign by a non-intervention 

state. 

[0020] The homopolar electrical quantities, the homopolar voltage Eq, and the homopolar current Iq, which are nec- 
essary for the operation of the relay are nonnally taken, with regard to the voltage, from the circuit of the open-delta 
IS connected secondary windings, of a set of three voltmeter transtonners connected between phase and earth and, with 
regard to the current, from the secondary winding of a toroidal current transfomier whteh extends around all three 
phase conductors. 

[0021] The disadvantages of the system can be indicated as: 

20 . the high costs of the voltmeter transfonmers and of the current transformers, owing to their specific construction 
which, in this type of use, has to take account of: 

a high degree of accuracy in order to minimize angle and ratio errors which would otherwise create unaccept- 
able errors in the determination of the homopolar voltage Eq and 

25 

of the homopolar current Iq, hindering the operation of the relay, and 

performance suitable to make up for the considerable losses of the measurement circuits of the relay; 

30 - the high costs of the relay in general but. above all, in the case of electronic relays, those due to the devices which 
are necessary to eliminate the effects of interference by electromagnetic induction, which interference is introduced 
by the connections of the voltmeter transfonmers and of the current transformer and may damage the circuits of 
the relay, hindering its operation, and 

35 - greater costs for the construction of the medium-voltage distribution board as a result of the activities to be under- 
taken to cope with the considerable dimensions of the space required by the voltmeter transformers, both with 
regard to the physical spaces necessary for housing them and with regard to the spaces for ensuring the necessary 
distances for insulation relative to earth and to other medium-voltage components. 

40 [0022] With the use of voltmeter transformers with capacitlve shunts (which cannot be screened like electromagnetic 
induction transformers) a fault in the capacitive shunt may transmit the medium voltage to the low voltage circuits, 
naturally with damage to property and risks to people operating at the time in question. With reference to the above- 
mentioned losses of the relay, the capacitance of the capacitive shunts must necessarily be high; the satisfaction of 
this requirement, however, results in a greater dielectric stress of the shunt with a reduction in reliability from both 

45 safety and operative points of view. 

[0023] Upon this premise, the object of the present Invention is to overcome the above-mentioned disadvantages 
by means of low-cost apparatus which can identify with reliability, both in medium-voltage systems with Insulated neutral 
and in those with neutral earthed by means of compensation impedance, the medium-voltage line or section which is 
subject to an earth fault of the phase conductors or to a short-circuit between the conductors. 

50 [0024] This object is achieved by a system having the characteristics recited in Claim i . 

[0025] According to the present invention, the concept proposed herein is that of providing a directional relay with 
the use, for Its operation, of a microprocessor which is arranged to measure the phase-displacement angle existing 
between the homopolar voltage Eq and the homopolar current \q by processing the times at which the signals indicative 
of the phase of the electrical quantities are received, producing the earth fault signal when this phase displacement is 

55 within the relay intervention zone (see Figure 6). 

[0026] Further advantages and characteristics of the present invention wilt become clear from the following detailed 
description, given with the aid of the appended drawings, which are provided by way of non-limiting example, and in 
which: 
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' Figure 1 is a schematic representation of an embodiment of the system according to the invention. 

Figures 2 and 3 are schematic representations of a medium-vottage electrical networlc. 

5 . Figures 4 and 5 are polar diagrams of homopolar current and vottage for a faulty line for a network with earthed 
neutral or with insulated neutral, respectively. 

Figure 6 is a polar diagram of homopolar cun-ent and voltage, indicating the intervention zone for a faulty line, and 

10 Figures 7, 8 and 9 are polar diagrams which show the voltages of the phase conductors in the event of a fault. 

[0027] The system will now be described in detail with reference to Figure 1 . with the infomnatlon that the following 
description relates to medium-voltage or high-voltage systems. 
[0028] Ttie system comprises the following devices: 

15 

a set of three capacitive shunts DCR, DCS, DCT with very low capacitance which are fitted at the ends of the 
medium-voltage cables or in the Insulators supporting the medium-voltage phase conductors CFR, CFS, CFT, and 
which can supply currents of a few tens of microamperes in the presence of voltages Er, Es, Et relative to earth 
at the nominal value; 

20 

a set of three first electro-optical devices EOVR, EOVS, EOVT which are supplied with the current of the capacitive 
shunts DCR, DCS, DCT and can produce: 

a light signal indicative of the presence of the voltages Er. Es, Et relative to earth, and made available to 
25 connectors CR, CD. CT. and 

a light signal indicative of the phase angle of the voltages Er. Es, Et, made available to optical connectors 
COR, COS, COT; 

30 - a second electro-optical device EOVO which is supplied with the current resulting from the vectorial sum of the 
three currents supplied by the capacitive shunts, and which generates, to a corresponding optical connector COVO, 
a light signal indicative of the phase angle of the homopolar voltage Eq of the medium-voltage system; 

a first toroidal, amperometric transformer TAIO, that can be opened, with a very low electrical rating which, in the 
35 presence of a homopolar current Iq of a few tenths of an ampere in the medium-voltage system, provides a current 

of a few tens of microamperes in the secondary; 

- a third electro-optical device EOlO which is supplied with the current of the transfomner TAIO and which generates, 
at a respective optical connector COlO, a light signal indicative of the phase angle of the homopolar current Iq of 

40 the medium-voltage line; 

- a second, toroidal, amperometric transformer TAIR. that can be opened, with a very low electrical rating which, in 
the presence of a primary current of a few hundred amperes, can produce a secondary cun^ent of a few tens of 

milliamperes; 

45 

a third, toroidal, amperometric transfomner TAIT, that can be opened, provided with two secondary windings with 
a very low electrical ratings, of which one can supply a secondary current of a few tens of milliamperes in the 
presence of a primary current of a few hundred amperes, and the other can supply a secondary cunrent of a few 
tens of microamperes in the presence of a primary current of a few units of amperes; 

50 

a pair of fourth electro-optical devices EOIR and EOIT which can produce respective light signals at the optical 
connectors COIR and COIT when the phase current in the medium-voltage circuit exceeds a threshold of a few 
hundred amperes; 

55 - a fifth electro-optical device EOlTd which can supply a light signal indicative of the phase angle to the connector 
COlTd when the phase cunrent in the medium-voltage circuit exceeds a threshold of one ampere; 

- an optical-fibre interconnection system FO which connects all of the electro-optical devices to an electronic 
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processing unit UE Jn an insulated manner, and 

an electronic processing unit UE connprising: 

5 a plurality of optical connectors COR'. COS', COP, COVO', COlO'. COIR', COIT, COlTd' which can receive, 

from the optical fibres FO, the light signals emitted by the electro-optical devices; 

a plurality of optical diffusers GLR, GLS, GLT with lenses, which can receive light signals relating to the voltage- 
presence state, from the electro-optical devices EOVR, EOVS, EOVT, by means of optical fibres, and can 
10 diffuse them visibly to the operators; 

an opto-electrical sub-unit COE for converting the light signals received from the optical fibres FO; 

an electronic microprocessor processing sub-unit UMP arranged for processing the electrical signals supplied 
IS by the unit COE; 

a sub-unit for the management and display of the signals produced by the processing performed by the sub- 
unit UMP; 

20 . an auxiliary supply sub-unit UMA. and 

an electrical connector CAU for extemal supply and signalling circuits. 

[0029] The functional capabilities implemented by the system will now be described below with reference to the 
25 devices listed and described above. 

Functional capability relating to the determination and indication of earth faults 

[0030] It is accomplished by the microprocessor sub-unit in accordance with a preset program which can calculate 
30 the phase-displacement angle between the phase signals of the electrical quantities such as the homopolar voltage 
Eo and the homopolar current Iq. on the basis of the times at which they are received. 

[0031] If the phase displacement angle falls within the intervention zone indicated as the hatched portion of Figure 
6. a first condition is detemnined. 

[0032] A second condition is that of checking by what value the phase-displacement angles existing between the 
55 phase signals of the electrical quantities relating to the voltages Er, Es, Et relative to earth have changed, on the basis 
of the times at which the signals are received; in the absence of faults, these angles are equal to 120° electrical and 
coincide with those existing between the voltages ER, ES, ET. 

[0033] Owing to the fact that the angular displacements between the vectors Er. Es. Et are closely connected with 
the value of the homopolar voltage Eq, the measurement of the values of these angular variations enables the sensitivity 
^ threshold for the recognition of the earth fault to be set by programming of the microprocessor sub-unit. 

[0034] The simultaneous presence of the two conditions described above for a programmable number of periods is 
defined by the UMP as an earth-fault state. 

[0035] This state is displayed locally on the processing unit EU by the lighting of an led and is indicated remotely by 
the closure of an electrical contact. 

45 

Functional capability relating to the congruent arrangement of the directions of the windings of the amperometric 
transfomier TAIO for the detection of the homopolar current In . 

[0036] This check is necessary to establish the congruent arrangement of the directions of the windings of the trans- 
so former TAIO with the direction of the energy supply, that is, In the specific case of the medium-voltage line which may 
be supplied by CP.| or by CP2 (see Figure 2), with the direction of supply from left to right or from right to left. 
[0037] In the presence of a medium-voltage phase current of more than a few units of amperes due to the load, the 
electro-optical device EOlTd sends a signal indicative of the phase angle to the sub-unit UMP which, on the basis of 
a program whrch is activated in a non-fault situation, checks that the phase of the current due to the load is within an 
55 angle of ± it/2 relative to the phase of the star voltage Et. If the result is negative, UMP activates a specific program 
for variation of the angular reference of the phase of the current Iq. 
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FuncHonal capability for the determination of a state of short-ci rcuit between the phases 

n)0381 It is accomplished by the sub-unit UMP as a result of the optical inf omiation transmitted by one or both of the 
electro-optical devices EOIR and EOIT and occurs when the medium-voltage phase currents Ir and/or It exceed a 
threshold of a few hundred amperes. . ^ , < 

t00391 This state is displayed locally on the UE by the lighting of an led and is indicated remotely by the closure of 

an electrical contact. 

Functional capability for the remote detemrtination of the vol taae-presence state 

ro0401 It is accomplished by the sub-unit UMP on the basis of the receipt of the phase signals of the voltages Er, Es, 
Et relative to earth supplied by the electro-optical devices EOVR. EOVS and EOVT in accordance with a program 
preset for the predetermined uses and may be brought about by the presence of voltage relative to earth in one or all 
three of the conductors CFR, CPS and CFT. 

[0041] This functional capability is indicated remotely by the closure of one or more contacts, always with reference 
to the type of use. 

Functional capability for the local display of the voltage-presence state 

10042] This functional capability is implemented by the optical diffusers. QLR. GLS. GLT with lenses, which are 
located on the front of the electronic unit EU, and which diffuse the light signals received by means of optical fibres 
from the electro-optical devices EOVR. EOVS. EOVT 

Functional caoabilityfor gauging phase coincidence with othe r medium-voltage or high-voltage local or remote system 
25 elements 

r00431 This functional capability is implemented by obtaining the optical signal indicative of the phase angle of the 
voltages Er Es Et relative to earth directly by means of the optical connectors COR, COS and COT. after they have 
momentarilir been disconnected from the sub-unit COE. with opto-electrical device, of the processing unit, in order to 
30 be sent in light form by optical fibre, to external apparatus for checking parallel and/or phase-displacement conditions. 
r00441 In addition to the functional capabilities described above, as a result of the implementation of particular soft- 
ware the system can be arranged to fulfil another function which provides for the facility not to detect the directional 
passage of the current due to an earth fault in a fault situation characterized by a voltage value Vq, less than a cali- 
bratable threshold voltage Vq preselected in the electronic unit (UE). . , ^ . 

r00451 In this latter case, the electronic processing operations are pertomried by the system on matnces of data 
previously stored in the microprocessor unit (UMP) as tables compiled on mathematical bases. It is thus possible to 
determine the value of the modulus of the voltage Vq also making available the functional capability relating to the 
measurement of the angular position of the vector Eq. . , ^ 

[00461 This functional capability can be used as an alternative to that perfomned by the electro-optical converter 
EOVO so that, in the system in which the preselection of the voltage threshold Vq is implemented, the converter EOVO 

can also be omitted. j • j- »• 

100471 Figure 7 is the polar diagram which shows an earth-fault situation in the medium-voltage networit, indicating 
the three phase voltages ER, ES, ET which depend on the generators and the three voltages Er. Es, Et of the conductors 
relative to earth, which no longer coincide with ER. ES. ET. ^ ^ w 

[00481 In this diagram which, for brevity of explanation, indicates the operation of a medium-voltage network both 
with insulated neutral and with neutral earthed by means of compensation impedance, a generic vector Eo Is also 
indicated, together with a generte series of curves considered as the geometrical loci on whfch this vector Eo may be 

included and defined. . ^ j_ 

[0049] For a network with insulated neutral, these cuwes are characterized by a semicircle on the left-hand side of 
the vector ER having ER/2 for radius and for centre, whereas, for a medium-voltage networit with neutral earthed by 
means of compensation impedance, they are characterized by a series of elliptical curves, each of which is represent- 
ative both of the degree of compensation of the medium-voltage networtc, and of the fault resistance value, as well es 
of a series of factors closely connected with the characteristics of the apparatus used for the compensation of the 

medium-voltage network. ^ ^ j »- 

[00501 With reference to the receipt of the phase signals of the voltages Er. Es, Et relative to earth , both in a condition 
in which the system is activated on an already-energized medium-voltage line, and upon the appearance of the medium 
voltage when the system is already activated, the system stores the first signal indicative of the phase angle supplied 
by the electro-optical converters EOVR, EOVS, EOVT. 
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[0051] This stored signal will be defined by the system by a vector Er representative of the voltage relative to earth 
and will be associated with the vector ER representative of the generator phase which must t>e held as reference for 
all of the subsequent acquisitions of signals and processing opeiations perfonned by the system. 
[0052] Given that the system succeeds in measuring angles ^23 which are defined, respectively, as phase- 

displacement angles between the voltages Er and Es relative to earth and between the voltages Es and Et, which are 
functions of the vector Eq, the value of the modulus and of the phase displacement of the homopolar voltage Eq can 
be obtained on the basis of these measurements. 

[0053] The connection between the quantities obtained is indicated in the following equation, which is derived from 
trigonometrical considerations. 



10 



15 



7l2 = 



3 



^0 • sin 



it 



cosl ^-/? 



) J 



- otan 



l-V^-cosi/3) 



so 



25 



2f[ 
=— --atan 



— 1— -atan ^-t 



1 + • cos 



30 



where 



7^2 is the phase displacement between the first phase Er and the second phase Es of the set of three actual 
voltages relative to earth present on the network; 



35 



723 phase displacement between the second phase Es and the third phase Et of the set of three actual 
voltages relative to earth present on the network; 



40 



Vq = Eq/E is the ratio between the homopolar voltage and the voltage of the generators; 

P is the phase-displacement angle between the homopolar voltage Eq and the voltage of the generators (-ER). 

[0054] By inverting the system of equations indicated above by numerical techniques, it is possible to find equations 
such as: 



45 



M(Yi2. Y23) 

so [0055] By quantifying it is possible to find a correspondence matrix and the intermediate values between the quan- 
tified values can be found by linear interpolation. 

[0056] In order to be able to have an absolute angular reference for the homopolar voltage. It is necessary to know 
by how much the voltage of the generators ER is out of phase with the voltage relative to earth Er measured and, to 
do this, it is necessary to introduce an angle a1 . 
55 [0057] The angle a1 is calculated from the following fomiula: 
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al = -atan 



l-rocos(^) 



[0058] On the basis of the calculations indicated above it is possible to compile the following three tables, in accord- 
ance with a correspondence matrix: 

- a first table, which gives the angles in the columns and the angles 7,2 expressed in radians, 

determines the value of the modulus of the voltage Vq; 

. a second table, which gives the angles 723 the columns and the angles Y12 the lines, expressed in radians, 
determines the value of the angle p; 

. a third table, which gives the values deduced from the first two tables, that is. the value of the modulus of the 
voltage Vq iri the columns and the value of the angle p in the lines, detenmines the angle a1 . 

[0059] After the measurement, perfonned by the system, of the angle 6, defined as the phase-displacement angle 
between the homopolar cun-ent Ipo and the voltage relative to earth Er (see Figure 8). the processing unit activates 
one of the following procedures: 

Case No. 1 

[0060] Phase signals of the voltages Er. Es. Et relative to earth are present. 

1 . The angles Y12 ^"^1 Y23 measured. . ^ ^ ♦u 

2. The first table, two adjacent columns for which the values indicated in the first line contain are selected; the 
same procedure is applied for two adjacent lines containing the values of 712- 

3. The linear interpolation is pert omned: 

linefM-D.colum nO) " ^0 line(i).coIumn(i) _ w 
Vo = Vo„^O.co.u.na,- 7l2.ne(M)--yia.^0) ^""^ ''"^'^ 

^ yoiineffl;«W1)- >^OUn.(i).«.lun.nq) .(^^ . ^^^^ 

T23oolumnO+1) ' TzacolumnO) 

4 Similarly, the linear interpolation of the values of the angles 712 anci 723 is performed on the second table for the 
detennination of the angle bearing in mind that. If the value is greater than 180^ the angle to be considered is 
that which is complementary to 27c, with changed sign. 

5 If Vo is below the predetenmined threshold, the system does not proceed with further processing. 

6 If the modulus of the voltage Vq is above the predetemiined threshold, the system perfomns, on the third table 
(applying the linear Interpolation of the type Indicated in point 3). reading of the columns which give the value of 
the voltage modulus Vq and of the lines which give the value of the angle p, in order to determine the angle a1 . 

7 The phase-displacement angle 5 between the homopolar voltage Eq and the voltage relative to earth Er is 
determined by calculation of n - a1 + p. perfomied by the system, bearing in mind that, if the value of the angle 6 
is greater than n, the angle to be considered is the complement to 2k, with changed sign. 

8 The system calculates the phase-displacement angle between the homopolar voltage Eo and the homopolar 
current Ipo by subtracting the angle e previously measured from the angle 8, bearing in mind that if the value of 
the angleis greater than n, the angle to be considered is the complement to 2n with changed sign. 

9 If the angle calculated in point 8 is greater than +1 .308 radians {^75<^) or (+76»), or less than -1 .832 radians (- 
105*) or .(1 06**) (examples of typical preset working values), since the vector Ipo is within the hatched zone of the 
graph of Rgure 6, the system detects and defines, by its local and remote signals, a directional earth-fault situation. 
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Case No. 2 

[0061] Owing to complete or almost complete cancelling-out of the voltage Er because of an earth fault (see Figure 
9), only the phase signals of the voltages Es, Et are present; 

5 

1 . The system measures the angle smaller than it radians existing between the two remaining voltages, in this 
case £23- 

2. The system considers as a reference the vector of the voltages relative to earth which is in advance, in this 
case, the vector Es. 

10 3. The system measures the phase-displacement angle (p between the current IpQ and the voltage Es, bearing in 

mind that, if the value of the angle is greater than n, the angle to be considered is the complement to 2n with 
changed sign. 

4. The system adds the angle £23/2 to the angle <p, obtaining the phase-displacement angle between the voltage 
Eo and the current Ipo, bearing in mind that, if the value of the angle is greater than n, the angle to be considered 

15 is the complement to 2n with changed sign. 

5. If the angle calculated in point 4 is greater than +1 .308 radians (+75°) or (+76°), or less than -1 .832 radians (- 
105*) or (-106**), (examples of typical preset working values) since the vector IpQ is within the hatched zone of the 
diagram of Figure 6, the system detects and defines, by its local and remote signals, a directional earth-fault 
situation. 

20 

[0062] In a currently-preferred embodiment, the system provides for the following components and devices, all of 
which are of low cost, although the use of different materials Is possible: 

capacitive shunts fitted in the terminals of the cables or in the medium or high-voltage support insulators; 

25 

electro-optical devices of known type, for example, of the type described in EP 0 629 864, which, in the presence 
of medium or high voltage, supply light signals indicative of the phase angles of the voltages and light signals 
indicative of the voltage-presence state; 

30 . low-cost, toroidal, amperometric current transfomners, that can be opened; 

electro-optical devices which supply light signals indicative of the phase angles of the currents, and light signals 
Indicative of the exceeding of a predetermined threshold value of the medium-voltage phase current; 

35 . low-cost, flexible, PVC, optical fibres for the transmission of the light signals to the processing unit; 

PVC optical connectors. 

[0063] In summary, the advantages achieved by the present invention are: 

40 

the ability to use voltage transformers with capacitive shunts of very low capacitance and very low cost, at the 
same t^e ensuring a high degree of safety in relation to risks of electrocution owing to capacitive-shunt faults with 
dielectric leakage towards the power portion, since the connections between the capacitive shunt and interface 
points of respective operating electrical circuits of the relay, of the auxiliary circuits for the local and remote voltage- 
45 presence state signals, as well as for Interface points necessary for perfomiing the phase-coincidence checking 

activity are made of Insulating material; 

the use of current transformers of toroidal construction, that can be opened, of very low cost and small dimensions 
for installation on cables or other system elements, since they have to transfer to the electro-optical converters 
50 very low currents (of the order of a few tens of microamperes for the definition of the optical signals indicative of 

the phase, and of a few tens of miltiamperes for the definition of the optical signals indicative of the exceeding of 
the threshold by the medium-voltage phase current); 

local indication of the voltage-presence state, irrespective of the presence of an auxiliary electrical supply; 

55 

transfer of the voltage and current phase signals, the voltage-presence signals, and the signals relating to the 
exceeding of the threshold values by the currents, by means of optical fibres, even at considerable distance (a 
few tens of metres), with a high degree of immunity from environmental interference. 
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[00641 It should be noted that, in contrast with the transmission of electrical signals with connections in electrical 
conductors, the transmission of the light signals in optical fibres, particulariy in this type of use. is not affected by 
attenuation and variations of the phase angles of the signals supplied by the capadtive shunts. In fact, when these 
signals are transmitted by electrical connections, they are greatly affected by the capacitance of the connection cable 
as well as by the parasitic capacitances due to the environment. 

[00651 Naturally, the principle of the Invention remaining the same, the details of construction and fomis of embod- 
iment may be varied widefy with respect to those described and illustrated, without thereby departing from the scope 
of the present invention as defined by the appended claims. 



Claims 



An electro-opto-electronic system forthe directional detection of earth faults in phase conductors (CFR, CFS. CFT) 
and of short-circuit faults between the conductors (CFR. CFS. CFT) in mediuni-voltage electrical network lines, 
characterized in that it comprises: 

capacitlve-shunt means (DCR. DCS. DCT) operatively connected to the conductors (CFR, CFS, CFT) and 
adapted to generate first electrical signals in the presence of voltage in the conductors (CFR. CFS. CFT). 

first electro-optical conveitor means (EOVR. EOVS, EOVT) operatively connected to the shunt means (DCR, 
DCS DCT) and adapted to convert the first electrical signals into first light signals representative of the pres- 
ence' of voltage (Er. Es. Et) between each conductor and earth, and into second light signals representative 
of the phase angles of the voltages (Er, Es, Et), 

amperometric current-transfomier means fTAIO. TAIR. TAIT) operatively connected to the conductors (CFR. 
CFS, CFT) and adapted to generate second electrical signals representative of the moduli and of the phases 
of the currents in the conductors, 

second electro-optical converters (EOlO. EOIR, EDIT. EOlTd) operatively connected to the amperometric 
transformer means (TAIO, TAIR. TAIT) and adapted to convert the second electrical signals into third light 
signals representative of the phase angle of the homopolar current (y of the line, 

optical conductor means (FO) connected to the first and second electro-optical converter means (EOVR, EO- 
VS, EOVT; EOlO, EOIR. EOIT, EOlTd) forthe remote transmission of the light signals, and 

an electronic control unit (UE) including: 

. opto-electrical converter means (COE) connected to the optical conductor means (FO) in order to receive 
the light signals generated by the first and second electro-optical converter means (EOVR, EOVS. EOVT; 
EOlO, EOrr, EOIR, EOlTd) and to generate corresponding electrical signals, 

- electronic processing means (UMP) suitable for receiving the electrical signals generated by the opto- 
electrical conversion means (COE) and arranged to detemiine the occurrence of a fault and/or the pres- 
ence of voltage on the line in dependence on the phase relationships between the signals representative 
of the voltages (Er, Es, Et) between each conductor and earth, on the homopolar voltage (Eq). and on the 
homopolar current (y. and 

- display means (UVS) for indicating to a user the fault and voltage-presence conditions thus detemiined, 

the system comprising means (EOVO; UMP) for deteimining the phase angle of the homopolar voltage (^) 
of the line in dependence on the phase relationships between the signals representative of the voltages (Er, 
Es, Et) present between each conductor and earth. 

A system according to Claim 1 , eharacterteed in that the means for determining the phase angle of the homopolar 
voltage comprise third electro-optical converter means (EOVO) operatively connected to the cap active-shunt 
means (DCR DCS DCT) and adapted to receive an electrical sum signal representative of the vectonal sum of 
the first electrical signals generated by the shunt means (DCR, DCS, DCT) and to convert the electrical sum signal 
into a fourth light signal representative of the phase angle of the homopolar voltage (Eo) of the line. 
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A system according to Claim 2 in which the opto-electrical converter means (COE) are connected to the fhird 
electro-optical converter means (EOVO) by means of a respective optical conductor in order to receive the fourth 
light signal and to generate a corresponding electrical signal representative of the phase angle of the homopolar 
voltage (Eo)> the electrical signal being intended to be transmitted to the electronic processing means (UMP). 

A system according to Claim 1 , characterized in that the processing means (UMP) of the control unit (UE) are 
arranged to calculate the phase angle of the homopolar voltage (Eq) of the line on the basis of the phase relation- 
ships between the signals representative of the voltages (Er, Es, Et) present between each conductor and earth 
by solving, by numerical means, a system of two equations with two unknowns of the type: 



Eo=f(Yi2. Y23) 

P=f(Yl2. 723) 



in which p is the phase-displacement angle between the homopolar voltage (Eq) and the supply voltage of the line 

In the absence of faults (-ER), 

the following algebraic relationships being known: 



3 



l+Fo-COsf|-y3 



— atan 



In ^ 
2^23 — a tan 



Vo • sin I 



1+^0 -cos 1^1 + ^ 



1 + • COS 



A system according to Claim 4, characterized in that the processing means (UMP) of the control unit (UE) are 
arranged to determine the fault condition of the line by comparing the phase-displacement angle between the 
homopolar voltage (Eq) and the homopolar current {\^) with a predetermined threshold value, the angle being 
calculated by the processing means as the difference between the phase-displacement angle (6) between the 
homopolar voltage (Eq) and the voltage (Er) between a predetermined conductor and earth, and the phase-dis* 
placerpent angle (6) between the homopolar current (Ipo) and the voltage (Er) between the conductor and earth. 

A system according to Claim 5, characterized In that the processing means (UMP) of the control unit (UE) are 
arranged to calculate the phase-displacement angle (5) between the homopolar voltage (Eq) and the voltage (Er) 
between the predetermined conductor and earth as the result of the algebraic sum: 



Ji- a1 + P 



the parameter a1 being detenminable in dependence on the homopolar voltage (Eq) and the phase-displacement 
angle between the homopolar voltage (Eq) and the supply voltage of the line in the absence of faults (-ER), in 
accordance with the equation: 
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al = -atan 



A system according to any one of the preceding claims, characterized In that the display means comprise optical 
diffuser means (GLR, GLS, GLT) with lenses, for the diffusion of the first light signals. 

A system according to any one of the preceding claims, characterized in that the electronic processing means 
(UMP) can determine the direction of supply of the electrical line in dependence on the signal representative of 
the phase angle of the voltage of a predetemnined conductor (Et) and on the signal indicative of the phase angle 
of the current (It) flowing through the conductor. 

A system according to any one of the preceding claims, characterized in that the optical conductor means (FO) 
can be disconnected from the opto-electrical converter means (COE) of the control unit (UE) and are arranged to 
be connected, alternatively, to an external apparatus for checking the parallel and/or phase-displacement condi- 
tions relative to other elements of the network. 

The whole substantially as described and illustrated and for the purposes specified. 
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FIG. 6 ' 
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FIG. 7 
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FIG- 8 
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